Objectives: This study aimed to investigate the changes that occur in the oral mucosa of shisha smokers and compare them to cigarette smokers, nonsmokers and smokers of both shisha and cigarettes and to detect whether these changes could be detected biochemically in saliva.
| INTRODUC TI ON
Cancer of the head and neck is the sixth most common cancer in the world, with more than half a million new cases diagnosed per annum worldwide 1 with a global age standardized incidence rate of 4.0 cases per 100 000 population per year. Unfortunately, though much progress has been made in treatment modalities, whether surgical, radio or chemotherapeutic, the prognosis for patients remains almost the same.
Field cancerization is a relatively new concept that is rapidly escalating in the field of cancer. It has been demonstrated that when cancer develops in a tissue, apparently healthy tissues exposed to the same carcinogen might develop molecular and genetic changes and might later on develop meta-chronous tumours. 2 The term was introduced in 1953 by Slaughter and his co-workers. 3 In 2007, Dakubo et al 4 proposed a more accurate definition.
They defined field cancerization as "The process whereby cells in a particular tissue/organ are transformed, such that genetically altered but histologically normal appearing cells predate the development of neoplasia, irrespective of clonality".
Most of these early genetic changes have been classified and quantitated in "The Cancer Genome Atlas Pan-Cancer analysis project". 5 As a result, detection of such early changes in tissues might be of diagnostic and prognostic values and might be the key to increasing survival in oral cancer.
Numerous factors have been implicated in the aetiology of oral cancer. However, cigarette smoking and alcohol and their synergistic effects are by far the strongest factors in oral carcinogenesis. 2, 6 ticed that the PAHs and the tar levels were significantly elevated in shisha smoke; however, the nicotine levels were quite similar. It was also demonstrated that even though the puff concentration of PAHs per smoke volume is less in shisha smoke compared to cigarette smoke, the total amount of carcinogenic hydrocarbons in a single shisha session surpasses that of its cigarette counterpart. 14 Moreover, it became evident that the greater percentage of the polycyclic aromatic hydrocarbons and the carbon monoxide in shisha smoke was due to the combustion of the charcoal rather than the tobacco. 15 Not only does shisha produce hydrocarbons, but also volatile aldehydes and tar. 16 Though aldehydes are not a main component of cigarette smoke, it constitutes the main carcinogenic metabolite due to alcohol consumption. 2 Its presence in shisha smoke is attributed to the presence of molasses and caramelized sugars.
Intriguingly, though all these data suggest that there might be a strong relation between shisha smoking and oral carcinogenesis, very sparse, if any work has been done on this matter.
Nevertheless, the evidence was inconclusive regarding the association of shisha smoking and oral lesions. A recently published systematic review regarding water pipe smoking and cancer concluded that there is a strong correlation between water pipe smoking and cancer development; especially lung cancer and oesophageal cancer followed by oral cancer. It also added that stronger more precise studies are required to further study its actual carcinogenic effects. 17 The p53 protein, encoded by the TP53 gene, has a pivotal role in tumour suppression and is a mainstay of intrinsic anticancer defence systems. Its importance is reflected in the popular name "guardian of the genome." Because the TP53 sequence is frequently mutated in HNCs, its mutations can be used as a target for tumour cell detection in surrounding normal tissues or surgical margins without the need to microscopically detect residual tumours on pathologic examination. 18 Moreover, it was demonstrated that TP53 mutations represent one of the earliest mutations that occur within the progression model of HNSCC. A recent study measured the diagnostic and prognostic significance of a lot of tumour markers in OSCC, and it was demonstrated that CYFRA 21-1 showed a very high diagnostic and prognostic significance. 23 A more recent study compared both salivary and serum levels of CYFRA 21-1 in OSCC patients and normal patients and also demonstrated a significant increase in OSCC patients as well as a multifold increase in salivary levels compared to serum levels. 24 Thus, this study aimed to detect P53 expression in clinically normal oral mucosa of shisha smokers, cigarette smokers, simultaneous smokers and nonsmokers, as a surrogate marker for field cancerization and to detect CYFRA 21-1 levels in salivary samples of the same patients, as a surrogate marker for field cancerization.
| S TUDY P OPUL ATI ON AND ME THODS
The specimens were obtained from four groups of patients each group contained 16 subjects between June and October 2016: All subjects were medically free and demonstrated no apparent oral lesions;exclusion of subjects who had any systemic conditions or were co-exposed to any other carcinogenic substance was done.
| Selection of shisha smokers
Shisha smokers to be included in the study must be frequent shisha smokers (at least 3 times a week) and for a period not <5 years.
| Selection of cigarette smokers
Cigarette smokers to be included in the study must be frequent smokers (at least 10 cigarettes a day) for a period not <5 years.
| Selection of simultaneous smokers
They must fulfil both smoking criteria.
Subjects were only recruited if they were already undergoing simultaneous surgical oral procedures and were asked to fill in an informed consent form stating that they agree to participate in the study and agreeing to submit a tissue specimen while they are undergoing their surgical procedure. Approval was obtained from the ethical committee of the Faculty of Dentistry, Cairo University before commencement of the study.
Each recruited subject was asked to provide a 1.5 millilitre sam- Zone, Beijing, China).
Immunohistochemical staining was performed using the automated immunostainer (AutostainerLink48, Dako, Denmark). Each section was stained using the ready to use, monoclonal mouse antihuman P53 antibody (Clone DO-7, Code IR616, Dako, Denmark).
The stained sections were examined using low and high power light microscopy (Leica, Wetzlar, Germany). An image analyzer 
| RE SULTS

| CYFRA 21-1 Concentration in saliva
The greatest mean value was recorded in cigarette smokers, followed by shisha smokers, with a lower mean value in nonsmokers.
However, the lowest mean value was recorded in smokers of both.
One-way analysis of variance revealed that the difference between groups was not statistically significant (P = 0.209), (Table 1, Figure 1 ).
| Immunohistochemical expression of P53
In all cases demonstrating positive nuclear p53 expression, the expression was evident mainly in the basal cells and to a lesser degree in the prickle layer (Figure 2 and 3) . However, a predominantly negative P53 expression was observed in the control group. TA B L E 1 Concentration of marker in saliva in different groups and significance of the difference using ANOVA test (ng/ mL)
The greatest mean number of p53 positive nuclei/high power field was recorded in smokers of both cigarettes and shisha, followed by shisha smokers, then cigarettes smokers; with a lower mean value in nonsmokers. One-way analysis of variance revealed that the difference between groups was statistically significant (P < 0.0001). Tukey's post hoc test revealed a significant difference between the nonsmoker group and all smokers groups, with no significant difference among the different smokers groups (Table 2 , Figure 4 ).
| Correlation between biochemical and immunohistochemical findings
Pearson's correlation test revealed a weak positive correlation between the biochemical and immunohistochemical results (R = 0.0507).
| D ISCUSS I ON
It was logical to attempt to unravel part of the mystery about the relationship between shisha smoking and oral cancer.
Furthermore, in an attempt to further explore more convenient diagnostic techniques, it was decided to not only utilize traditional microscopic methods but also to attempt to use salivary detection methods.
Even though the detected level of CYFRA 21-1 was lower in the control group as compared to shisha smokers and cigarette smokers, the results were statistically insignificant. When we compare these results to the evident differences detected in tissue biopsies, it is quite evident that CYFRA 21-1 is not sensitive enough to detect field cancerization. A reasonable scientific assumption would be that the release of cytokeratin 19, resulting from cell disintegration occurs later during the process of carcinogenesis. Hence, since this study was performed on volunteers with apparently normal appearing mucosa, it is quite possible that in these subjects, an insufficient amount of carcinogenic changes had occurred and thus the amount of cytokeratin 19 released is insignificantly changed. Even more surprising was the level of CYFRA 21-1 expression in smokers of both shisha and cigarettes. The levels were lower than both separate smokers and even the control group. This significantly opposed our finding in the tissue specimens. No explanation was found for that phenomenon in the literature; however, this finding may be due to unknown changes in salivary nature caused by simultaneous shisha and cigarette smoking. These changes might be responsible for such an unexpected result.
It is also worth mentioning that our results do not match most studies in the literature, in which a significant change in CYFRA 21-1 was detectable. [23] [24] [25] However, all these studies compared CYFRA 21-1 levels in normal patients to their levels in patients with frank squamous cell carcinoma.
All things considered, CYFRA 21-1 may act as a potential salivary biomarker with diagnostic and prognostic significance in more advanced lesions; however, it evidently failed to detect early carcinogenic changes associated with field cancerization.
Immunoreactivity of p53 in the positive cases of smokers demonstrated positive nuclear basilar and suprabasilar expression.
This finding coincided with the literature who demonstrated consistent basilar expression and variable suprabasilar expression in progressing lesions. [26] [27] [28] However, the most significant finding was the evident suprabasilar expression. Suprabasilar expression is highly associated with an increased transformation rate and it appears to surpass the presence of dysplasia as a prognostic factor. 29 The p53 protein has a pivotal role in tumour suppression and its importance is reflected in the popular name "guardian of the genome." The amount of p53 protein is increased in nuclei (site of function) exposed to genotoxic stress. Mutated forms of p53, though lack this protective function, also accumulate in the nuclei.
Since, p53 expression is mainly nuclear, it was more appropriate to measure p53 expression in terms of cell count as opposed to area per cent. This was also consistent with the studies found in the literature. 30 When comparing the number of p53 positive nuclei in shisha smokers as opposed to cigarette smokers, the mean number of nuclei was higher in shisha smokers. This coincides with the greater load of carcinogens present in the deceptively soothing shisha smoke. This more extensive change can also be attributed to the presence of additional carcinogens not present in cigarette smoke, such as volatile aldehydes. 16 Unsurprisingly, the number of p53 positive nuclei in smokers of both surpassed the levels of all the other groups. Whether there is a rather unexplained synergistic effect between either types of smoke, or whether it is simply an "add on" effect remains to be explained. However, this is quite the opposite to the biomarker load of the same group, witnessed in the salivary samples collected.
Furthermore, the control group exhibited extremely low (almost negligible) positive p53 expression, indicating that their tissues were the least bombarded by carcinogens and the least group exhibiting the least carcinogenic changes.
Even still, statistical analysis demonstrated no significant differences between the three smoker groups and significant difference between the three groups and the control group. This indicates that even though differences between the three groups could be detected on a microscopic and immunochemical level, what is more important is the holistic realization that all three groups demonstrate a significant carcinogenic change when compared to the control group. TA B L E 2 Number of p53 positive nuclei/high power field in different groups and significance of the difference using ANOVA test
Column chart showing mean number of p53 positive nuclei/high power field in different groups
The weak positive (nonsignificant) correlation between the immunohistochemical and biochemical markers was highly expected due to the lack of conformity in the results, especially the smokers of both. This indicates lack of sensitivity and specificity of the salivary biomarker compared to the tissue specimens (gold standard).
| Limitations of the study
1. The stratification of the social and educational backgrounds of the recruited subject may have played a role in the variability of some of the results. However, this stratification was essential due to ethical reasons and to obtain a sufficient sample size to produce significant results.
2.
Even though the sample size was precalculated ahead of the study by The Evidence-Based Dentistry Committee, we still believe that our study is a pilot study that just sheds a light on the significant lack of evidence in the literature and that a bigger sample size is required to elucidate the finer changes related to shisha smoking.
3.
Only one salivary marker was used in our study due to lack of funds and our results may exclude this marker in the detection of early field cancerization. However, other markers may demonstrate more fruitful results.
4.
Only p53 was used as a marker of field cancerization due to lack of funds. No genetic analysis, nor was a cocktail of molecular changes searched for. Thus, though it is conclusive that the positive cases exhibit definite field changes, it would be erroneous to consider that the negative cases did not harbour different form of field changes not searched for.
5
. It was extremely difficult to unify some of the other factors such as gender, age, type of tobacco and type of moassel.
| CLINIC AL RELE VAN CE
| Scientific rationale
This study was conducted to compare the damaging effects shisha smoking inflicts on the oral mucosa, and compare them to cigarette smoking, smoking of both shisha and cigarettes and nonsmokers.
The study also aimed to investigate whether these damaging effects could be detected via CYFRA 21-1 as a salivary biomarker.
| Principal findings
It was demonstrated that shisha smoking had a similar effect on the oral mucosa, regarding p53 immune expression. CYFRA 21-1 levels, however, failed to reflect these changes in the saliva.
| Practical implications
Shisha smoking might impose a subtle but steady risk towards oral carcinogenesis.
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